Borderline personality disorder (BPD) is a personality disorder (PD) characterized by emotion dysregulation, impulsivity, interpersonal dysfunction, and identity disturbance. BPD is associated with considerable psychological distress (Ansell, Sanislow, McGlashan, & Grilo, 2007) , functional impairment (Hill et al., 2008) , risk of suicide (Pompili, Girardi, Ruberto, & Tatarelli, 2005) , and treatment costs (Bender et al., 2001) . Therefore, understanding etiological mechanisms involved in the development of BPD is of critical importance.
Trait-based conceptualizations, assessments, and diagnosis of PDs like BPD have garnered growing support in the field due to evidence supporting the relative reliability, validity, and clinical utility of these approaches when compared with the existing categorical model (Clark, 2007; Morey et al., 2012; Morey, Skodol, & Oldham, 2014; Widiger & Presnall, 2013; Widiger & Trull, 2007) Given the substantial evidence supporting these dimensional trait models of PDs, a new diagnostic system for PDs was included in Section III ("Emerging Measures and Model") of the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American Psychiatric Association, 2013 ) that is grounded, in large part, on a trait-based approach. Despite claims to the contrary (e.g., Gunderson, 2013) , BPD is remarkably wellcaptured by both general and pathological trait approaches (e.g., Miller, Few, Lynam, & MacKillop, 2015; Trull, Widiger, Lynam, & Costa, 2003) . Noteworthy, however, is that the Section III PD model is a hybrid categorical-dimensional model, meaning that the dimensional traits (Criterion B) can be used, along with assessment of impairment in personality functioning (Criterion A), to generate traditional, categorical diagnoses for 6 of the 10 PDs found in the main body of text, including BPD.
To date, the majority of the work examining dimensional models of PDs has been conducted from a Five-Factor Model (FFM) framework using measures such as the NEO Personality Inventory-Revised (NEO PI-R; Costa, & McCrae, 1992) , which assesses five broad personality trait domains (e.g., Neuroticism) and 30 more specific facets (e.g., angry hostility). Using this model, researchers have developed FFM-based approaches to the assessment of PDs such as the prototype-matching and count techniques (see Miller, 2012 , for a review). The prototype matching approach utilizes expert ratings of the prototypical individual with a given PD on the 30 facets of the FFM, which can then be compared with an individual's score on a measure such as the NEO PI-R. The FFM BPD prototype has been shown to correlate strongly with explicit DSM-based measures of BPD as well as relevant external correlates, such as childhood sexual abuse (Trull et al., 2003) . FFM PD count scores were developed (Miller, Bagby, Pilkonis, Reynolds, & Lynam, 2005) as an easier alternative to the prototype matching technique as they involve only the simple summation of scores across the most salient expert-rated facets. The FFM BPD count is generated using scores on nine facets rated as prototypical of BPD by experts, from the dimensions of Neuroticism, Openness, Agreeableness (reverse scored) and Conscientiousness (reverse scored) and demonstrates strong correlations with the prototype score and DSM based BPD measures. Miller, Morse, Nolf, Stepp, and Pilkonis (2012) demonstrated that BPD scores derived from the FFM BPD count and DSM-IV LEAD ratings were substantially related (r ϭ .60; despite one being based on selfreport data and the other using expert ratings of BPD symptoms) and manifested similar pattern of relations with key constructs from BPD's nomological network (r ICC ϭ .84).
One of the pragmatic benefits of these trait approaches to PDs is that it may allow for considerably more research devoted to the epidemiology of PDs, in that many large datasets include general personality assessments but not explicit assessments of PDs. For instance, research focusing on genetic influences on BPD is limited due to a lack of adequate phenotype assessment in epidemiological datasets. The work that has been done estimates that 40% of the variance in BPD is due to genetic factors (Amad, Ramoz, Thomas, Jardri, & Gorwood, 2014) ; it is noteworthy that these genetic influences are shared with FFM traits (Distel et al., 2009; Few et al., 2014) . Due to the heterogeneous nature of the BPD construct, Distel and colleagues (2010) also examined the covariance structure of four features of BPD (i.e., identity problems, affective instability, negative relationships, and self-harm). Heritability estimates ranged between 26% (self-harm) and 35% (negative relationships). Most importantly, however, they found that a common pathway model provided the best fit to the data, and concluded that "the four main features of BPD thus co-occur as a result of genetic and environmental factors that influence the four components in similar ways, through a latent predictor variable (the BPD construct)" (p.8). Despite the evidence in support of genetic influences on etiology, there has been minimal success in identifying specific genetic variants associated with BPD (Calati, Gressier, Balestri, & Serretti, 2013) . Meta-analysis of 28 candidate gene studies reported null results in terms of the direct association between polymorphisms and BPD (Calati et al., 2013) . Furthermore, only one genome-wide association study (GWAS) of BPD has been conducted (Lubke et al., 2014) , which identified seven single-nucleotide polymorphisms (SNPs) tagging the SERINC5 gene associated with a dimensional measure of borderline personality features. Importantly, however, these SNPs did not reach genome-wide significance (i.e., p Ͻ .5 ϫ 10 Ϫ8 ). The relative dearth of gene-finding studies is due again, in part, to the limited assessment of this phenotype in large epidemiological samples with rich genetic data.
To enhance gene-finding efforts directed at liability to BPD, we need significantly larger sample sizes. On the basis of strong genetic correlations between BPD and personality traits from twin studies, the use of trait based PD prototypes or count scores may significantly facilitate this progress, as numerous genetically informed studies routinely collect general personality, but not BPD data. However, a majority of such studies typically assess only domain level traits of the FFM with measures such as the NEO Five-Factor Inventory (NEO FFI; Costa & McCrae, 1992) , making it impossible to generate the traditional BPD prototype or count scores based on the NEO PI-R. Therefore, the goal of the current study was to evaluate the utility of a NEO FFI composite representative of BPD liability (i.e., FFI-BPD), generated via summation of items assessing facets identified in meta-analytic research (Samuel & Widiger, 2008) and via academician (Lynam & Widiger, 2001 ) and clinician (Samuel & Widiger, 2004 ) ratings of prototypical BPD. We use the term BPD liability because the measure is not designed to explicitly assess diagnostic BPD symptoms, but rather variation in general personality traits that have been shown to associate with increased liability to BPD symptomatology. This endeavor is comparable to previous work using the self-report Multidimensional Personality Questionnaire-Brief This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Form (Patrick, Curtin, & Tellegen, 2002) to index BPD traits (Bornovalova, Hicks, Patrick, Iacono, & McGue, 2011) , with the goal of being able to examine genetic influences and the longitudinal course of BPD in existing epidemiological datasets. The researchers developed a 19-item measure (Minnesota Borderline Personality Disorder Scale; MBPD) that demonstrated strong correlations with self-report measures of BPD and moderate correlations with categorical BPD diagnoses. The MBPD also correlated as expected with variables relevant to BPD, including substance abuse, childhood and adult trauma, and internalizing psychopathology. Similar to this approach, the goal of the current study was to develop an FFI-BPD measure to index BPD liability using several datasets with a variety of types of samples (e.g., undergraduate, outpatient clinical, epidemiological twin sample) and with both BPD and NEO FFI data. Like the MBPD study, the goal was not to develop another self-report measure of BPD, but rather, to develop a measure that enables the study of BPD liability in existing epidemiological datasets, particularly for genetic analyses. After creating the FFI-BPD, we first examined correlations between BPD and FFI-BPD and also compared these correlations to a BPD composite created using the full NEO PI-R (i.e., NEO-BPD). We then conducted a series of hierarchical regression analyses to test the extent to which FFI-BPD and NEO-BPD account for the same variance in explicit measures of BPD. Across five samples (i.e., undergraduate, community, clinical), convergent and discriminant validity were also examined by computing correlations between FFI-BPD and etiological risk factors (i.e., childhood abuse), measures of psychiatric symptomatology (i.e., emotion dysregulation, depression, anxiety, illicit drug use), and PDs and comparing them to those generated using explicit measures of BPD and NEO-BPD. BPD has previously demonstrated moderate correlations with childhood sexual abuse (Fossati, Madeddu, & Maffei, 1999; Bornovalova et al., 2013) , and is associated with internalizing symptoms (i.e., anxiety, depression), emotion dysregulation, and substance use across a variety of samples (Eaton et al., 2011; Scott, Stepp, & Pilkonis, 2014) . BPD is also highly comorbid with a number of other DSM-based PDs (e.g., Antisocial; Zimmerman, Rothschild, & Chelminski, 2005) . In general, BPD tends to be more strongly associated with Cluster A and Cluster B PDs, but it is also highly comorbid with PDs from Clusters C (Tomko, Trull, Wood, & Sher, 2014) . We expected similar results when examining correlations between these variables and FFI-BPD. Because we were primarily interested in the similarity of the patterns of correlations generated rather than the effect sizes, the correlational profiles generated by the three BPD measures across these external criteria were compared using both Pearson and intraclass correlations. We also computed correlations between FFI-BPD and the 30 FFM facets (with overlapping items from the NEO PI-R removed) and compared the profile of correlations to those generated using explicit measures of BPD. Finally, using classical twin modeling approaches, we examined the heritability of FFI-BPD and its genetic overlap with an explicit measure of BPD. Essentially, if there is substantial genetic overlap between these phenotypes, then the FFI-BPD composite could be used to index BPD liability, which would be useful in secondary data analyses with large, genetically informative epidemiological datasets.
Method

Participants
Sample 1. Participants were 358 undergraduate students (54% female; age: M ϭ 19.35, SD ϭ 2.0) recruited from a research participant pool at a large Southeastern university who received research credit in exchange for participation. The majority of participants were Caucasian (82%); of the remaining participants, 10% were Asian and 6% were Black (see Maples, Guan, Carter, & Miller, 2014 for details) .
Sample 2. The initial sample included 361 undergraduate students recruited from a research participant pool at a large Southeastern university who received research credit in exchange for participation, but 11 were excluded due to missing NEO PI-R data. The final sample included 350 participants (63% female; age: M ϭ 19.11, SD ϭ 1.69). The majority of participants were Caucasian (89%); of the remaining participants, 4% were Black, 4% were Asian, and 3% chose "Other" for their racial/ethnic status (see Miller et al., 2010, for details Lynskey et al., 2012, for details) .
Sample 4. The initial sample comprised 1,630 individuals recruited from the St. Louis area in a study designed to examine the prevalence and impact of personality pathology in later life. Nineteen participants were excluded due to missing data, and the final sample included 1,611 participants (55% females; age: M ϭ 59.54, SD ϭ 2.74). With regard to race and ethnic background, 65% were Caucasian, 32% were African American, and 3% were from other groups (e.g., Asian, American, Indian; see Oltmanns, Rodrigues, Weinstein, & Gleason, 2014, for details) .
Sample 5. The sample initially included 110 individuals currently receiving outpatient psychological or psychiatric treatment in a study designed to assess the reliability and validity of the DSM-5 Section III diagnostic model for PDs. Three participants were excluded due to missing NEO PI-R data, and the final sample included 107 participants (71% female; Mean age ϭ 35.9; SD ϭ 12.7). The majority of participants were White (91%); of the remaining participants, 6% were Black, and 3% were Asian (see Few et al., 2013, for details) .
Sample 6. The initial sample consisted of 152 psychiatric outpatients meeting DSM-IV diagnostic criteria for BPD (N ϭ 93), major depressive disorder/dysthymic disorder without BPD (MDD-DYS; 34%) or another psychiatric diagnosis (N ϭ 7) in a study designed to examine affect and alcohol use among individuals with BPD. One participant was excluded due to missing NEO PI-R data. The sample included 151 participants (age: M ϭ 32.08, SD ϭ 11.51), 85% were female and self-reported ethnicity was as follows: 83% Caucasian, 6% Black, 4% Asian, and 7% as Other This document is copyrighted by the American Psychological Association or one of its allied publishers.
3 TRAIT-BASED ASSESSMENT OF BORDERLINE PERSONALITY DISORDER (see Jahng et al., 2011, for details) . An additional three participants did not have complete PD data, and therefore, only 148 participants were included in the analyses examining relations between the BPD measures/composites and PDs.
Measures
NEO Five-Factor Inventory (NEO FFI). The NEO FFI (Costa, & McCrae, 1992 ) is a 60-item, self-report measure of the FFM personality domains used in Sample 3. Items are scored on a 1 (Strongly Disagree) to 5 (Strongly Agree) scale.
Revised NEO Personality Inventory (NEO PI-R). The NEO PI-R (Costa, & McCrae, 1992 ) is a 240-item self-report measure of the FFM domains as well as the six lower-order facets subsumed by each domain. Eight items are used to assess each facet and are scored on a 0 -4 scale (i.e., range: 0 -32).
Structured Clinical Interview for DSM-IV Personality Disorders (SCID-II). The SCID-II (First, Gibbon, Spitzer, Williams, & Benjamin, 1997 ) is a semistructured interview used in Sample 5 that assesses the 10 DSM-IV PDs. Each PD criterion is scored using a 0 (i.e., absent), 1 (i.e., subclinical), or 2 (i.e., present) rating. Dimensional scores were utilized in the current study, which were generated via summation of ratings across criteria (e.g., Nine BPD criteria ϭ 0 -18 range). The alpha coefficient for BPD was .82, and for the remaining nine PDs, ranged from .68 (obsessive-compulsive PD) to .84 (avoidant and antisocial PDs).
Structured Clinical Interview for DSM-IV Axis II Personality Disorders-Personality Questionnaire (SCID-II P/Q).
The SCID-II P/Q (First et al., 1997 ) is a 119-item self-report questionnaire used in Samples 1 and 2 designed to assess the diagnostic criteria for the 10 DSM-IV PDs. The measure uses a forced-choice no/yes response format. Only the BPD subscale was used in the current study and was scored by adding up "Yes" responses across 15 items (i.e., range: 0 -15). Alpha coefficients were .74 and .73 for Samples 1 and 2, respectively.
Structured Interview for DSM-IV Personality (SIDP-IV). The SIDP-IV (Pfohl, Bluhm, & Zimmerman, 1997 ) is a semistructured interview used in Samples 4 and 6 that assesses criteria for the 10 DSM-IV PDs. It is organized by topic sections rather than disorders and assesses typical behavior within the past 5 years. Criteria are rated as follows 0 ϭ absent, 1 ϭ subthreshold, 2 ϭ present, 3 ϭ strongly present. Dimensional scores were utilized in the current study, which were generated via summation of ratings across criteria for each PD (e.g., Nine BPD criteria ϭ 0 -27 range). In Sample 4, the alpha coefficient for BPD was .67, and for the remaining nine PDs, ranged from .52 (schizotypal PD) to .82 (avoidant PD). All PD variables in Sample 4, with the exception of Obsessive-Compulsive PD, were log-transformed prior to analyses to correct for non-normality. In Sample 6, the alpha coefficient for BPD was .83, and for the remaining nine PDs, ranged from .47 (schizoid) to .84 (avoidant). Only antisocial and narcissistic PDs were log-transformed due to skewness.
Personality Assessment Inventory-Borderline subscale (PAI-BOR). The PAI-BOR (Morey, 1991 ) is a 24-item, selfreport measure used in Samples 3 and 6 that generates a total score and scores on four subscales. Only the total scores (range ϭ 0 -72) were used in current analyses. Alpha coefficients were .88 and .87 for Samples 3 and 6, respectively.
Personality Diagnostic Questionnaire-4؉ (PDQ-4؉).
The PDQ-4ϩ (Hyler, 1994 ) is a 99-item self-report measure of DSM-IV PDs. Only the nine-item BPD subscale was used in the current study. The measure uses a True/False response format, and dimensional scores were created by summing the True responses across the nine items (i.e., range: 0 -9; ␣ ϭ .55).
McLean Screening Instrument for Borderline Personality Disorder (MSI-BPD). The MSI-BPD (Zanarini et al., 2003 ) is a 10-item self-report measure of DSM-IV BPD used in Sample 2. Each item is rated as a "0" (absent) or "1" (present), and a dimensional score was created by summation across items (i.e., range: 0 -10; ␣ ϭ .81).
Child Abuse and Trauma Scale (CATS). The CATS (Sanders & Giolas, 1991) is a 38-item self-report measure of physical, verbal, emotional, and sexual abuse that was used in Sample 2. In the current study, a total score was utilized and generated using the 14 items identified in the Poythress, Skeem, and Lilienfeld analyses (2006). The alpha coefficient for the total score was .90. The variable was log-transformed prior to analyses to correct for nonnormality.
Brief Symptom Inventory (BSI). The BSI (Derogatis & Melisaratos, 1983 ) is a 53-item self-report measure of psychological symptoms experienced during the past week that was used in Samples 2 and 5. The BSI includes specific symptom scales and a global severity scale. Only the anxiety and depression subscales (6 items each) were used in the current study. In Sample 2, alpha coefficients for the anxiety and depression subscales were .75 and .90, respectively. In Sample 5, alpha coefficients for the anxiety and depression subscales were .86 and .88, Difficulties in Emotion Regulation Scale (DERS). The DERS (Gratz & Roemer, 2004 ) is a 36-item self-report measure of problems with emotion regulation that was used in Sample 2. Only the total score was used in the current study (␣ ϭ .92).
Computerized Diagnostic Interview Schedule (C-DIS-IV) screener. The C-DIS-IV screener (Robins & Helzer, 1994) was used in Sample 4 and is an assessment that was developed for nonclinicians to collect information that can generate DSM-IV diagnoses. In the current study, a dichotomous variable was used to identify individuals who reported a lifetime history of a major depressive disorder (0 ϭ no; 1 ϭ yes).
MINI-International Neuropsychiatric Interview (M.I.N.I.). The M.I.N.I (Sheehan et al., 1998 ) is a brief structured interview that was used in Sample 4 to diagnose DSM-IV Axis I alcohol and drug use disorders. In the current study, dichotomous lifetime alcohol and drug dependence variables were utilized.
Illicit substance use. In Samples 2 and 5, participants were asked to report ever use of a variety of illicit substances (e.g., marijuana, crack/cocaine) in their lifetime. In Sample 2, five substances were assessed (M ϭ 1.5, SD ϭ 1.07), and in Sample 5, eight substances were assessed (M ϭ 2.28, SD ϭ 2.21).
Data Analysis and Results
To identify items to include in the FFI-BPD composite, clinician and academician ratings of prototypical BPD on the 30 FFM facets were examined, in addition to correlations between the FFM facets and BPD generated in meta-analytic research (Samuel & Widiger, 2008) . The academician and clinician ratings used a 1 to 5 scale, and facets prototypically high (i.e., greater than or equal to 3.5) or This document is copyrighted by the American Psychological Association or one of its allied publishers.
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prototypically low (i.e., less than or equal to 2.5), along with facets correlating with BPD at [.20 ] or greater, were considered. Only facets meeting these criteria from 2 out of 3 sources were selected. This yielded 16 facets (only 14 of which are assessed with at least one item in the NEO FFI) composed of 34 items on the NEO FFI: Neuroticism: anxiety (3 items), angry hostility (1 item), depression (4 items), impulsiveness (0 items), vulnerability (2 items); Extraversion: excitement seeking (1 item); Openness: feelings (1 item), actions (2 items); Agreeableness: trust (2 items), straightforwardness (1 item), altruism (5 items), compliance (3 items); Conscientiousness: order (3 items), dutifulness (3 items), self-discipline (3 items), deliberation (0 items). All items and facets considered low in relation to BPD were reverse scored prior to generating the composite (i.e., items assessing Agreeableness and Conscientiousness facets). Given the unequal distribution of items across the facets, a maximum of two items per facet was retained in the final FFI-BPD composite. To do this, corrected interitem correlations were generated, and items demonstrating the lowest correlations most consistently across the six datasets were removed from the composite (e.g., 3 of 5 items from the altruism facet were removed). The final FFI-BPD composite comprised 24 items assessing 14 of the 16 facets associated with BPD. Alpha coefficients (presented in Table  2 ) across the six samples ranged from .67 to .82 with a median of .78. The NEO-BPD composite was also generated in five of the six samples utilizing the NEO PI-R (Sample 3 does not include NEO PI-R data) and was computed via summation of the 16 facet scores, with Agreeableness and Conscientiousness facets reverse scored. Alpha coefficients, also presented in Table 2 , ranged from .74 to .83 with a median of .79.
All phenotypic analyses were conducted in SPSS. Because of the number of analyses conducted and varying sample sizes, we focus on effect size as opposed to significance when reporting results. Based on Cohen (1988) , we interpret correlations between .10 and .29 as "small," .30-.49 as "medium," and .50 and greater as "large." Means, standard deviations and reliability coefficients for BPD measures in each sample are presented in Table 2 . Correlations between BPD and the FFI-BPD composite within each sample are presented in Table 3 . Medium to large effect sizes emerged, and correlations ranged from .35 (SIDP-IV in Sample 6) to .72 (PAI-BOR in Sample 3), with a median correlation of .60. Correlations between the NEO-BPD composite and BPD were nearly identical, ranging from .43 (SIDP-IV in Sample 4) to .67 (PAI-BOR in Sample 6) with a median correlation of .61.
Hierarchical linear regression was also utilized to examine whether NEO-BPD accounted for substantial unique variance in the explicit BPD measures beyond NEO-FFI. First, we entered the FFI-BPD composite at Step 1 and the NEO-BPD composite at Step 2. At Step 1, FFI-BPD accounted for between 13% (SIDP-IV in Sample 6) and 40% (SCID-II P/Q in Sample 1) of the variance in BPD, with an average R-squared of .29. At Step 2, NEO-BPD accounted for between 3% (SCID-II P/Q, MSI and PDQ, and SIDP-IV in Samples 1, 2, and 4, respectively) and 7% (SIDP-IV in Sample 6) of incremental variance with an average change in R-squared equal to .04.
To examine the convergent and discriminant validity of the FFI-BPD composite, we examined its correlations with external variables assessing etiological risk factors (i.e., childhood abuse), psychiatric symptomatology (e.g., emotion dysregulation, anxiety, depression, illicit drug use), and PDs in relation to FFI-BPD, NEO-BPD, and explicit measures of BPD were compared in the five samples which were not utilized for genetic analyses (i.e., Samples 1, 2, 4, 5, and 6). Results are presented in Table 4 . For explicit measures of BPD, correlations ranged from .07 (schizoid PD in Sample 6) to .66 (antisocial PD in Sample 5). For FFI-BPD, correlations ranged from .03 (schizoid PD in Sample 6) to .61 (BSI Depression in Sample 5), and for NEO-BPD, correlations ranged from .02 (schizoid PD in Samples 1 and 6) to .61 (BSI Depression in Sample 5).
To compare the pattern of correlations across the different measures of BPD, Pearson correlations and double-entry intraclass correlations (ICC DE ) were computed (see McCrae, 2008 for a review). Although the relative similarity of correlations is of greater interest due to differences in methodology within and across samples, the ICC DE reflects not only similarity in shape, but also elevation and scatter (Furr, 2010) . Large effect sizes emerged for both Pearson and intraclass correlations for the three profile comparisons. Of primary interest, the BPD and FFI-BPD Pearson correlation was .79 (ICC DE ϭ .70), which is comparable to the .86 correlation that emerged between BPD and NEO-BPD (ICC DE ϭ .74). The FFI-BPD and NEO-BPD Pearson correlation was .93 (ICC DE ϭ .93), suggesting nearly identical profiles when using the NEO FFI rather than NEO PI-R to generate the BPD composite.
Lastly, to further test the convergent, discriminant, and criterion validity of the FFI-BPD scale, correlations were computed between FFI-BPD and the 30 FFM facets with the 24 overlapping items removed (Supplemental Table 1 ). The profile of correlations was compared to those generated using explicit measures of BPD. We provide averaged statistics across the five samples for both profile similarity and discriminant validity. First, a Fisher's Z transformation was applied to all correlations. The average of these values for each of the 30 facets across the five samples was computed and then submitted to an inverse Fisher's Z transformation. The profiles were then compared via Pearson and intraclass correlations. Very strong relative and absolute similarity between the FFM profiles for FFI-BPD and explicit measures of BPD emerged, as evidenced by the Pearson (r ϭ .89.) and intraclass correlations (ICC DE ϭ .89).
To obtain an overall average discriminant correlation, we focused on the association between the BPD measures (i.e., FFI-BPD and explicit measures of BPD) and the 14 FFM facets not included in the FFI-BPD composite. In all five samples, the absolute value of these correlations was computed, a Fisher's Z transformation was applied, and then an average value (i.e., mean of 14 correlations for each BPD measure) was computed within each sample. The five sample values were then averaged for each BPD measure and an inverse Fisher's Z transformation was applied to obtain an overall average discriminant correlation. Small effect sizes emerged for both FFI-BPD (average r ϭ .23) and BPD (average r ϭ .13), suggesting good discriminant validity with respect to associations with general personality traits.
Twin modeling of the FFI-BPD composite and BPD liability was conducted using data from Sample 3 in Mx (Neale, Boker, Xie, & HH, 2004) and full-information maximum-likelihood estimation. The PAI-BOR was used to assess BPD liability and the NEO-FFI was used to generate the FFI-BPD composite. Twin modeling enables estimation of additive genetic factors (A), nonadditive genetic factors (or dominance; D) or shared environmenThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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tal influences (C), and nonshared environmental factors (plus error variance; E) by examining the variance in and covariance between members of MZ and DZ twin pairs. MZ (r MZ ) and DZ (r DZ ) twin pair correlations were used to determine which variance components (A, C, D and E) should be modeled. Sex-averaged r MZ for BPD liability and FFI-BPD were .48 and .43, respectively. The corresponding r DZ for BPD liability and FFI-BPD were .30 and .26, respectively. Based on these correlations, additive genetic (A; r MZ Ͼ r DZ ), shared environmental (C; r MZ Ͼ 0.5 ‫ء‬ r DZ ) and individual-specific environmental (E; r MZ 1) influences were modeled.
FFI-BPD and BPD liability (as assessed using the PAI-BOR) were modeled in a bivariate (Cholesky decomposition) framework. Prior to twin modeling analyses, FFI-BPD and PAI-BOR scores were divided into approximately equal categories (4 and 5 categories, respectively) and tested for multivariate normality. Both ordinal variables satisfied the assumption of multivariate normality (p s Ͼ 0.05). An omnibus test of sex differences was utilized to investigate whether constraining variance components (A, C, E) but not thresholds, across sexes resulted in a significant deterioration of fit using the difference in Ϫ2 log likelihood fit which is distributed as a chi-square. Similarly, the role of C was examined by constraining it to zero. Due to the relatively small sample size and uneven distribution of same-versus opposite sex DZ pairs, qualitative sex differences (r DZOS 0.5) were not explored.
When variance components parameters were constrained to be equal across male and female twins, there was no decrement in model fit, ⌬ 2 (9) ϭ 2.63, p ϭ .98, and therefore, remaining models were estimated with variance components parameters (but not thresholds, which were estimated freely) equated across males and females. Additive genetic influences, however, could not be constrained to zero, ⌬ 2 (3) ϭ 15.05, p Ͻ .01. In contrast, shared environmental influences (C) could be constrained to zero for both FFI-BPD and PAI-BOR, ⌬ 2 (3) ϭ 2.74, p ϭ .43. The final model is presented in Figure 1 . The resulting heritability (A) of FFI-BPD was estimated at 44% (95% CI: 0.37-.0.51) with the remainder accounted for by individual-specific environmental factors (i.e., 56%; 95% CI: 0.49 -0.63). The heritability of PAI-BOR was estimated at 49% (95% CI: 0.42-0.56) with individual-specific environmental factors accounting for the remaining 51% (95% CI: 0.44 -0.58) of the variance. The phenotypic correlation between FFI-BPD and PAI-BOR was also attributable to both genetic and environmental influences. Specifically, the genetic correlation was .84 (95% CI: 0.78 -0.90), suggesting that 71% (i.e., .84
2 ) of the genes contributing to variance in PAI-BOR overlap with those contributing to FFI-BPD. Although this correlation was substantial, the upper confidence limit was significantly lower than 1.0, indicating that there are additive genetic influences specific to PAI-BOR that are unshared with the FFI-BPD composite. The individual-specific environmental correlation was estimated at .62 (95% CI: 0.56 -0.68).
Discussion
Substantial databases exist in which validated personality measures are embedded, which may allow for secondary data analyses that can inform our knowledge regarding biological influences on PD etiology as well as our understanding of PDs as they relate to issues such as comorbidity (Lynam & Widiger, 2001) , sex differences (Lynam & Widiger, 2007) and changes over time (Wright, Hopwood, & Zanarini, 2015 ) Therefore, the current study examined the utility of a trait-based representation of BPD (FFI-BPD) generated using 24 items from the NEO FFI, a measure commonly included in large epidemiological datasets, that assess traits relevant to BPD (Lynam & Widiger, 2001; Samuel & Widiger, 2004; Samuel & Widiger, 2008) . This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 6 FEW ET AL.
As expected, scores on the FFI-BPD composite were higher in clinical samples relative to undergraduate and epidemiological samples, and highest in a clinical sample with 62% of participants having a DSM-IV BPD diagnosis (Sample 6). In terms of phenotypic relations between the FFI-BPD composite and explicit measures of BPD, the median correlation across studies was .60, which is as strong or stronger than the convergence often found between two explicit measures of BPD (Miller, Few, & Widiger, 2012) . These findings indicate that the FFI-BPD composite is a reasonably good phenotypic proxy for BPD liability as measured using a variety of self-report and diagnostic interview assessments.
Beyond examining the correlations between BPD and FFI-BPD, we examined the association between explicit measures of BPD and NEO-BPD, which utilized 16 facet scores based on 128 items from the 240-item NEO PI-R. The goal of this analysis was to determine whether the NEO FFI omits critical information necessary in the trait-based assessment of BPD relative to the NEO PI-R. Importantly, the correlations between FFI-BPD and explicit BPD measures were nearly identical to those between the NEO-BPD composite and BPD measures (i.e., median r ϭ .61 and .60, respectively). Additionally, the NEO-BPD accounted for relatively small amounts of incremental variance in explicit BPD measures beyond the NEO-FFI (i.e., 4% on average). This suggests that little is lost when using the NEO FFI to score BPD relative to the NEO PI-R, which is critically informative in that many existing epidemiological datasets utilize only the shorter NEO FFI.
In addition to correlations among BPD measures, relations between these measures and external variables assessing etiological risk factors, psychiatric symptomatology and other DSM-IV PDs were examined. In general, FFI-BPD correlated with these measures as expected. For example, a moderate correlation emerged between FFI-BPD and childhood abuse (r ϭ .41), which is comparable to meta-analytic work that demonstrated a pooled correlation of .28 between BPD and childhood sexual abuse (Fossati, Madeddu, & Maffei, 1999) . As expected, FFI-BPD was most strongly correlated with measures of psychiatric functioning associated with high levels of Neuroticism, such as depression, anxiety, and emotion dysregulation. With regard to PDs, the strongest correlations emerged for PDs characterized by high Neuroticism (e.g., avoidant and paranoid PD), low Agreeableness and Conscientiousness (e.g., antisocial PD), whereas somewhat weaker correlations emerged for PDs characterized by Extraversion (i.e., histrionic PD, schizoid PD) and high Conscientiousness (i.e., obsessive-compulsive PD). Of greater importance than the magnitude of correlations between FFI-BPD and external variables was the observed similarity in the pattern of these correlations relative to those generated by explicit measures of BPD and the NEO-BPD composite. Strong similarity was observed across all three composites, again supporting the use of FFI-BPD as a proxy for BPD liability and suggesting high overlap between composites created from the short and long version of the NEO. Strong profile similarity between FFI-BPD and explicit measures of BPD was also demonstrated with regard to relations with the 30 FFM traits. Note. All descriptive statistics were generated prior to log transformations. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
TRAIT-BASED ASSESSMENT OF BORDERLINE PERSONALITY DISORDER
In general, both the FFI-BPD and explicit measures of BPD demonstrated only modest evidence of discriminant validity in terms of associations with other PDs. This is not entirely surprising as researchers have argued that PDs are largely comorbid due to shared underlying traits (Lynam & Widiger, 2001) . Furthermore, there is little support for the clustering of PDs, and recent reanalysis of PD data in an epidemiological sample (Trull, Verges, Wood, & Sher, 2013) demonstrated that the structure of the 10 DSM-IV PDs is better accounted for by a general PD factor rather than a three-cluster hierarchical structure shown in previous work (Cox, Clara, Worobec, & Grant, 2012) . Despite this, evidence of discriminant validity was demonstrated when examining relations with FFM traits. Small average discriminant correlations emerged for FFI-BPD and explicit measures of BPD in relation to the 14 FFM traits (predominantly from the Extraversion and Openness domains) not included in the FFI-BPD composite. The correlation for FFI-BPD (r ϭ .23) was somewhat larger than that generated from explicit measures of BPD (r ϭ .13), although this is likely attributable to shared method variance.
With regard to genetic analyses and in line with previous studies of BPD (see Amad et al., 2014 , for a review), the heritability estimates for BPD liability and the FFI-BPD composite were nearly identical (49% and 44%, respectively), with the remaining variance attributable to individual-specific environmental influences. These findings are consistent with theoretical explanations of BPD etiology suggesting that a temperamental predisposition (i.e., personality) in conjunction with invalidating environmental experiences can lead to the development of borderline symptomatology (Linehan, 1987) .
Of primary interest in the current study, however, was the extent to which BPD liability and the FFI-BPD composite are influenced Note. BPD ϭ borderline personality disorder; FFI-BPD ϭ Five-Factor Inventory-Borderline Personality Disorder; NEO-BPD ϭ NEO Personality Inventory-Revised; PD ϭ personality disorder; BSI ϭ Brief Symptom Inventory; MDD ϭ major depressive disorder. Figure 1 . Bivariate Cholesky model examining genetic overlap between FFI-BPD and PAI-BOR. Standardized parameter estimates shown; FFI-BPD ϭ Five-Factor Inventory borderline personality disorder composite; PAI-BOR ϭ BPD liability as assessed by the Personality Assessment Inventory-Borderline subscale; A ϭ additive genetic influence; E ϭ nonshared environmental influence; r A ϭ genetic correlation between FFI-BPD and PAI-BOR; r E ϭ nonshared environmental correlation between FFI-BPD and PAI-BOR. This document is copyrighted by the American Psychological Association or one of its allied publishers.
by the same genes, with the goal of determining whether the FFI-BPD composite can be used as a genetic proxy for BPD liability in existing epidemiological datasets with limited explicit assessment of BPD. Results of bivariate twin modeling suggested that 71% of the genes influencing BPD liability (as assessed using the PAI-BOR) are shared with the FFI-BPD composite. The strong genetic correlation (.84) is promising in that a large percentage of genetic influences on BPD liability would be captured in genetic analyses using the FFI-BPD composite. For example, genomewide association studies (GWAS) have examined personality traits such as Neuroticism, individually, using meta-analytic methods (Amin et al., 2013 ) -such studies can be easily extended to study configurations of traits, such as FFI-BPD. The results could further be examined for overlap with existing results from the GWAS of BPD (Lubke et al., 2014) , and this molecular genetic overlap could be formally quantified by creating polygenic scores and predicting, say, variance in BPD from scores derived from large metaanalyses of the FFI-BPD composite. Importantly, however, there are genes specific to BPD liability assessed using the PAI-BOR that are unshared with the FFI-BPD composite, as evidenced by the 95% confidence interval not including 1.0. Therefore, using the FFI-BPD composite as a genetic proxy for BPD liability, although useful, would not capture all of the genetic influences on BPD (at least as dimensionally assessed using the PAI-BOR).
There are several strengths of the current study, including the use of multiple datasets with rich FFM personality data and BPD data assessed using both self-report and interview-based measures. Additionally, a wide range of samples was utilized, including undergraduates, older adults, and clinical outpatients, which enabled a more comprehensive characterization of the phenotypic relationship between BPD liability and FFI-BPD, as well as between FFI-BPD and other measures of etiological risk and psychiatric symptomatology, and enhances the generalizability of findings. Notably, FFI-BPD exhibited a very reasonable degree of consistency in correlations with these clinical covariates across samples. The genetic analyses also provide initial support for the intended application of this measure, which is to utilize this measure in existing genetic datasets. Despite these strengths, there were limitations, most notably the use of self-reported BPD in the genetic analyses, which may have inflated the genetic and environmental correlations with self-reported FFI-BPD due to common method variance. Examination of the genetic correlation between FFI-BPD and alternative, interview-based measures of BPD would provide further support for the validity of the FFI-BPD composite. Several of the external variables were also derived via self-report methodology, such as childhood sexual abuse. Similar to the limitations of assessing life stress that have been articulated (Monroe, 2008) , retrospective self-report assessment of childhood trauma is susceptible to memory and recall bias (Hardt & Rutter, 2004) . However, it should be noted that the purpose of these analyses was to demonstrate a similar pattern of correlations for FFI-BPD and explicit measures of BPD rather than characterize the magnitude of the relationship between BPD and these external variables. Other limitations include small sample sizes, particularly in the clinical populations, and the lack of a second twin study to replicate the genetic findings.
There are additional conceptual limitations worth mention. First, there is considerable debate surrounding the construct validity of BPD. Several studies using confirmatory factor analysis have found that the DSM BPD diagnostic criteria are unidimensional (e.g., Clifton & Pilkonis, 2007; Johansen, Karterud, Pedersen, Gude, & Falkum, 2004) . However, exploratory factory analytic studies have identified between two and four factors that explain the BPD criteria (e.g., Sanislow et al., 2002; Becker, McGlashan, & Grilo, 2006) highlighting the potential heterogeneity of BPD, which has been a longstanding criticism of the construct (Tyrer, 2001) . Thus, one might argue that trait-based measures, while advantageous in their ability to account for heterogeneity, should not be used to recreate potentially invalid diagnostic categories. While we understand this rationale, there are both practical and empirical reasons for using trait-based measures that can be used to assess PDs. From a practical standpoint, the current diagnostic manual (DSM-5) continues to utilize a categorical model of diagnosis, and furthermore, the Section III model for future research employs a hybrid categorical-dimensional model of PD assessment and classification. Researchers have indicated that this retention of PD categories or constructs has persisted in order to maintain continuity in clinical practice (Skodol, Morey, Bender, & Oldham, 2013) . This approach has also received empirical support, with more recent research demonstrating a hybrid categoricaldimensional model of BPD criteria (Hallquist & Pilkonis, 2012) and genetic research identifying support for the heritability of BPD features and a latent BPD construct, through which genetic and environmental factors influence these features (Distel et al., 2010) . Therefore, the use of trait-based measures to assess PD constructs, in essence, embodies the zeitgeist of the field's theoretical, empirical, and practical approach to PD assessment. Furthermore, genetic studies focus on a liability continuum, and trait-based measures (as opposed to dichotomous case-control outcomes) facilitate analyses by increasing the total variability in a phenotype.
Second, it is necessary to encourage some caution regarding the use of the NEO FFI as a substitute for explicit measures of BPD or as a preferable alternative to the longer NEO PI-R. Although FFI-BPD may serve as a reasonable approximation of BPD in existing datasets with limited personality data, brief measures often have limitations. For example, as has been the case in the literature regarding the assessment of expressed emotion (Hooley & Richters, 1991) , shorter measures, although strongly correlated with the original construct, may be limited in their predictive validity. Thus, explicit measures of BPD and more robust traitbased assessments of BPD (e.g., FFM BPD count; Miller et al., 2005) , which have considerably greater empirical support to date, should be used when feasible.
In conclusion, results of this study provide preliminary support for the validity of a 24-item composite of BPD liability generated using the NEO FFI. This FFI-BPD composite demonstrates moderate to strong convergence with explicit measures of BPD and correlates as expected with a number of relevant psychiatric variables, including childhood abuse, depression, anxiety, emotion dysregulation, and PDs. Furthermore, heritability estimates for FFI-BPD and an explicit measure of BPD liability were nearly identical, and the genetic correlation indicated that 71% of the genetic influences between these two phenotypes are shared. Importantly, our goal with the presentation of the genetic analyses was to demonstrate that our trait-based conceptualization of BPD is heritable and that this heritability roughly captures a substantial proportion of additive genetic variance in an explicit measure of BPD. This will allow future GWAS to aggregate data on the more This document is copyrighted by the American Psychological Association or one of its allied publishers.
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TRAIT-BASED ASSESSMENT OF BORDERLINE PERSONALITY DISORDER commonly assessed FFI BPD. Results also provide further support for trait-based conceptualization and assessment of PDs, and suggest that trait-based composites may be used to further understanding of the epidemiology of PDs in datasets that are limited to brief, general measures of personality traits.
